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their disciplines, it seemed a 
possibly useful contribution to 
write a book that would draw from 
all the relevant disciplines about 
the past, from primatology to 
historical linguistics, with genetics 
as the common thread to weave 
all these findings together into a 
coherent narrative. I was amazed 
at how much detail can now be 
filled in on the largely blank pages 
of human prehistory extending 
from 50,000 to 5,000 years ago, 
much of which one might think 
was utterly beyond recovery.
Were you surprised at the 
reaction to the book? Yes. 
The human past is a touchy 
subject because many people 
use it — quite misguidedly in 
my view — to reason from what 
was to what ought to be. You 
mustn’t say people practised 
cannibalism in the past because 
that would justify cannibalism 
today. Despite its absurdity, this 
argument makes almost every 
attempt to reconstruct the past 
controversial.
In my book I tried to let the 
facts speak for themselves, a 
somewhat more original idea 
than it may sound because 
some writers about the deep 
past, like the otherwise very 
readable Jared Diamond, start 
with explicitly political premises 
and adduce facts to support 
them. I cannot see that this is a 
justifiable scientific procedure, 
the popularity of Guns, Germs 
and Steel notwithstanding. Having 
compiled my apolitical account, 
I figured the conclusions that 
had emerged would be about 
equally vexatious to the right and 
the left. But so far, which I hadn’t 
expected, the book has had more 
attacks from the left, particularly 
for the lèse-majesté of saying our 
recent ancestors, far from being 
noble savages, were a lot more 
savage than we are.
What has been the reaction of 
the scientific community? Many 
people have been kind enough to 
tell me they liked the book, though 
I wasn’t sure how to interpret 
the comment of one biologist 
who said he read it on nights 
when he couldn’t get to sleep. 
I’ve been a little disappointed it 
hasn’t received more reviews from 
scientific journals because it has 
enough references for scientists to 
follow the technical background. 
Both Nature and Science assigned 
the book for review, but to dreary 
ideologues who assailed my 
failure to discover that political 
correctness has been evolution’s 
guiding principle all along, though 
fortunately they managed to find 
no other errors. I think these 
journals would have served their 
readers better with apolitical 
reviews. 
Do you enjoy talking to 
scientists? Yes. They are people 
doing interesting things and who 
have created a common way 
of looking at the world, a sort 
of meta-language that enables 
everyone to see a problem in 
the same way. The community 
is egalitarian in many ways, a 
meritocracy in others, with no 
barriers to entry save effort and 
intellect. Which is not to pretend 
that scientists are freer of human 
failings than any other profession. 
Think Woo-Suk Hwang, on the 
one hand, and the failure to detect 
his fraud on the other.
Do science journalists do a good 
job of reporting science to the 
public? Yes and no. In the past 
few decades coverage became 
a lot more professional, from a 
perhaps lowish start. But I now 
feel that we are seriously failing to 
capture the richness of progress, 
particularly in biology, for our 
readers. Post-genome biology is 
making greater strides than ever 
before. But the techniques and 
the findings are both complex, 
and really hard to explain to a 
general reader with little scientific 
knowledge. How do you say 
“chromatin remodeling complex” 
in newspaper English? It takes 
so much space there’s room for 
little else, so many important 
developments never get reported. 
It’s a temptation to blame readers 
for not being more familiar with 
the few basic concepts that 
give access to biology. But I will 
resist it.
Nicholas Wade writes about science for 
the New York Times.  
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What is a sea turtle? Sea turtles 
belong to an ancient group of 
reptiles which has adapted to 
life in the ocean. In place of the 
clawed feet of their terrestrial 
counterparts, sea turtles have 
evolved large, paddle-like flippers 
for swimming. Their carapaces 
or ‘shells’ have become reduced 
and streamlined and no longer 
accommodate withdrawal of the 
limbs and head. The sea turtles 
are, nonetheless, limited by their 
land-dwelling ancestry; they 
breathe air and must nest on dry 
land.
Different systems of 
classification recognize seven 
or eight species of sea turtles, 
many of which are found 
worldwide throughout both 
tropical and temperate oceans. 
Most sea turtle species are 
well- known for their impressive 
long-distance migrations. The 
journey that loggerhead turtles 
(Caretta caretta) take from 
their nesting beaches in Japan 
to their feeding areas near 
Baja California and back is the 
longest migration known for a 
marine animal.
What sort of research is done 
on sea turtles? Most of the 
research on sea turtles falls into 
three broad categories. Much 
work has been done simply to 
document the life cycles and 
populations of these animals, 
an undertaking that presents 
special challenges because most 
of a turtle’s life is spent below 
water. Such information has 
special importance in sea turtle 
conservation.
A second body of research 
involves the unusual physiological 
features of sea turtles. For 
example, leatherback turtles 
(Dermochelys coriacea) are 
capable of diving to astonishing 
depths for an air-breathing 
animal, and they can also tolerate 
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 much colder temperatures than 
most reptiles are able to put up 
with. Sea turtles are also unusual 
in that they show temperature-
dependent sex determination; 
the temperature of their egg 
incubation, rather than sex 
chromosomes, determines the 
sex of the embryo.
A third area of research uses 
sea turtles as a model system to 
investigate how animals navigate 
during their long-distance 
migrations (Figure 1). The 
itinerant lifestyle of sea turtles 
is inextricably linked to an 
ability to navigate accurately 
across vast expanses of ocean. 
Understanding how turtles 
guide themselves may provide 
insight into the navigational 
abilities of other animals 
ranging from salmon to homing 
pigeons.
What is the typical life cycle 
of a sea turtle? The need to 
nest on land shapes the life 
cycle of all sea turtle species. 
Females lay clutches of 100 to 
150 eggs and bury them in the 
sand of the nesting beach. After 
approximately two months, the 
young turtles hatch below ground 
and slowly dig their way to the 
surface. 
Upon emergence onto the 
beach, the hatchlings scramble 
to the sea and migrate offshore, 
where they begin a prolonged 
period in the open sea. During 
this time, turtles in some 
populations migrate across entire 
ocean basins. Later, juveniles 
typically recruit to various coastal
feeding areas in the general 
geographic area where they 
hatched, though the leatherback 
remains strongly pelagic. Adults 
of most species also exploit 
coastal feeding areas. 
Where and when do sea turtles 
migrate? The migrations of 
sea turtles roughly correspond 
to their life-stages: hatchling, 
pelagic juvenile, coastal juvenile 
and adult. The initial migration of 
hatchlings is simply away from 
the shore and towards the open 
sea. Pelagic juveniles remain 
within broad areas of ocean 
or move along vast open-sea 
migratory routes that are often Figure 1. A juvenile green turtle in a cloth harness tethered to an electronic tracking 
system swims in a pool of water during a magnetic navigation experiment.defined by oceanic current 
systems. 
Eventually, juvenile sea turtles 
migrate back to coastal areas 
where they establish feeding 
grounds. Coastal juveniles 
of some populations migrate 
seasonally between different 
feeding sites that are used at 
different times of the year. Some 
adults also show seasonal 
migrations.
Adult sea turtles add breeding 
migrations to their repertoire. Most 
species appear to demonstrate 
natal beach homing, in which 
they return to reproduce in the 
same general geographic area 
where they themselves hatched. 
After mating in nearshore waters, 
females crawl up onto the sand 
and nest before returning to their 
distant feeding areas.
How do hatchlings guide 
themselves offshore? Most 
of what is known about the 
orientation mechanisms of young 
sea turtles has come from studies 
with hatchling loggerheads 
along the east coast of Florida, 
USA. These turtles migrate from 
their natal beaches to the Gulf 
Stream current, a north-flowing 
current that sweeps along the 
southeastern US coastline.
Hatchlings appear to use three 
different sets of cues sequentially 
while they are migrating offshore. The newly emerged hatchlings 
find the sea by crawling towards 
the lower, brighter oceanic 
horizon and away from the dark, 
elevated silhouettes of dunes 
and vegetation. This strategy 
is effective because the ocean 
reflects more starlight and 
moonlight than does the land. 
Once hatchlings enter the sea, 
however, they ignore visual 
cues and swim directly into 
the oncoming waves. Because 
waves typically move towards 
shore, orienting into the waves 
reliably leads turtles toward the 
open sea.
In deeper water farther 
from land, waves may move 
in any direction relative to the 
coastline, yet hatchlings tracked 
from shore maintain consistent 
offshore headings. As turtles 
swim away from land, they are 
thought to transfer the offshore 
heading, which is initiated on 
the basis of wave direction, 
to a magnetic compass sense 
which allows them to maintain 
a consistent seaward heading 
based on the Earth’s magnetic 
field.
How do loggerheads navigate 
during their first trans- oceanic 
migration? For Florida 
loggerheads, the offshore 
migration represents just the 
first part of a much longer 
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The question of why humans 
possess superior cognitive skills 
has a long history in science. 
One important idea is that human 
intelligence has evolved in the 
social realm [1]. The rationale is 
that individuals who cooperate 
and compete well in a social 
setting do better and produce 
more offspring than less skilled 
individuals, and that these skills 
are heritable. The conditions for 
the evolution of social abilities may 
have been especially favourable 
in primates. Most primates live in 
individualised societies that are 
characterised by kin-based social 
networks, a situation that may 
have triggered an evolutionary 
arms race in social skills.
Social cognition concerns an 
individual’s ability to interact 
socially in an intelligent way. As 
it is near impossible to define 
intelligence objectively, a common 
research strategy has been to 
select a well-described human 
skill and investigate the degree 
to which it is present in animal 
subjects. Episodic memory is 
a good example. A series of 
studies with food-caching birds 
has revealed that these animals 
are perfectly capable of mentally 
‘traveling backwards in time’ to 
recollect specific events in the 
past [2]. Oddly, less evidence 
for episodic memory has been 
found in non-human primates, 
although a study by our group 
[3], published recently in Current 
Biology, has shown that monkeys 
take past weather conditions into 
account when searching for food.
One empirical approach to 
social intelligence is to investigate 
animals’ ability to recognise others’ 
social relations and to predict 
their behaviour. Research on the 
formation of social concepts has 
been particularly important and 
has revealed some intriguing 
similarities between human and 
animal mental abilities. One study 
[4], with long-tailed macaques, has 
Primertrans- Atlantic migration lasting a period of years. Turtles enter 
the North Atlantic gyre, a circular 
current system that flows around 
the Sargasso Sea, and many 
cross to the eastern side of the 
Atlantic before returning to North 
America. The turtles have a 
strong need to remain within the 
gyre: if they stray too far north 
they risk death in cold waters, 
whereas going too far south may 
cause them to be entrained in 
south Atlantic current systems 
and carried far away. 
Young loggerheads apparently 
use the Earth’s magnetic field as 
a source of positional information 
to help them remain within the 
gyre system. The Earth’s field 
varies across the surface of the 
globe in such a way that each 
oceanic region has a unique 
magnetic field. When a young 
turtle encounters a magnetic 
field that exists near the northern 
boundary of the North Atlantic 
gyre, it responds by swimming 
south, whereas a field from 
the southern boundary of the 
gyre elicits swimming toward 
the northwest (a response that 
presumably leads a turtle back 
toward North America). These 
responses to magnetic positional 
information appear to be largely 
inherited, given that they are 
present in turtles that have never 
been in the ocean. 
Is the magnetic field of the Earth 
used by coastal juveniles and 
adults as well? Juveniles living in 
coastal feeding grounds use the 
Earth’s magnetic field in an even 
more sophisticated way. Rather 
than responding to magnetic 
fields that mark boundaries, 
older turtles apparently learn 
the magnetic topography of the 
geographic areas in which they 
feed. The turtles can then use 
magnetic cues to help them 
navigate back to particular areas. 
The existence of a ‘magnetic 
map’ in sea turtles was 
demonstrated by exposing 
juvenile green turtles (Chelonia 
mydas) to magnetic fields that 
exist in locations north or south 
of their feeding area. Even though 
the turtles were tethered in a pool 
of water close to their feeding 
grounds, those exposed to a magnetic field that exists several 
hundred kilometers to the north 
swam south, whereas those 
exposed to a field from the south 
swam north. Thus, the turtles 
can use positional information in 
the Earth’s field as a kind of map 
that helps them navigate toward 
specific locations. 
Whether adults use magnetic 
information in natal beach 
homing is still unknown. A 
plausible scenario is that the 
turtles imprint on the magnetic 
signatures of their natal region, 
allowing them to navigate back 
when it is time to reproduce. 
This strategy, if it is used, might 
also work in combination with 
detection of other environmental 
features like visual landmarks or 
chemical cues.
How do sea turtles detect 
the Earth’s magnetic field? 
No one knows for certain how 
any animal detects the Earth’s 
magnetic field. One idea is that 
crystals of the magnetic mineral 
magnetite are coupled to the 
nervous system and function 
as receptors for the magnetic 
sense. Magnetite particles have 
been detected in sea turtles, 
migratory birds, and some other 
magnetically sensitive animals. 
A different hypothesis, however, 
is that magnetic field detection 
might be accomplished through 
a complex series of chemical 
reactions that are associated 
with the visual system. How sea 
turtles detect magnetism remains 
a mystery.
Where can I find out more?
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